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ABSTRACT 

Two experiments are reported in which cardiac 
habituation and dishabituation to pure tone stiauli were studied in 
well and malnourished Guatemalan infants. In both studies the 
magnitude of the orienting response was found to be attenuated or 
completely absent in infants suffering from nutritional insult. The 
findings were taken as evidence of a basic learning deficit that 
might account for the often reported poor performance of nial,nourished 
children on standard psychological tests. (Author/DP) 
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Abr. tract 

Two c>:pGrlinonts arc rcrorLcd in wAch cardtnc habituation and 
dislmbl tuntlon to pure tone stlmvall v;ere studied in well and ruil- 
nourisiiGd Cuatonmlan Infants. In both studies the magnitude of the 
orienting rcs]ionse was found to be tUtor.uatod or corrplotely absent 
in infant:; suffering from nutritional insult. The findings were 
taken as evidence of a basic loarninp, deficit that migia account for 
the often reported poor performance of nialnourisb.cd children on 
standard psycholo^^ioal tests. 



Till: EFFrcT or MALNirrRiTiO:\' ON AUTONOMIC nL\crivny 

TO AN AUDITORY SIGNAI,: SOME PRKLIMINARV FINDINGS 

Harry Lootor 

Studios rclatin[^ nutritional ^status to mental development 
generally have been conducted vith preschool and school-a^^e children. 
Few attempts luivo been made to assess the effects of malnutrition on 
bohnvlor v;ithin the first two years of life. Moreover, those studios 
which hr.ve focused on Infancy have been concerned v;lth reporting cross 
differences In behavior particularly as moasurt^id by standard infant 
scales (Cliase and Martin, 1970; Cravioto and Hobles , 1965; Monckcberc, 
1968; Stoch and Smythe, 1968). Khllo infant developmental scales arc 
useful as descriptors of overall psycho-m.otor functioning; unfortunately, 
they do not specify the underlying psychological procoscios that may 
be affected by malnutrition. 

On the other hand » specif Ic psychological deficits are one charac- 
teristic feature of the clinical syndrome of malnutrition. T)ie infant 
suffering from nutritional insult is universally found to be un- 
responsive to stimulus ciianges in the environment* Tlic exploratory 
behavior, curiosity, and activity so typical of the normal Infant is 
dramatically reduced or absent among malnourished Infants. For exam.plo, 
so marked Is this condition of apathy tiiat one of the hallmarks of 
recovery from malnutrition is the reappcarence of the smile. 

The purpose of the present research was to provide an experimental 
test of the hypothesis tliat tlte infant's ability to respond appropriately 
to Impinging environmental stimulation is affected by nutritional Insult . 
Two studies are reported in which orientation and habituation to an 
auditory stimulus are compared in infants of varying nutritional status. 
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The first experiment v;as n pilot study to determine the utility 
of the hnbituntion parndlgtr* for assosslnj.^. differences due to rralnu- 
tritlon. The subjects for the study were sixteen male Infants with a 
mean age of I'J 1/2 months. Subjects wore drawn from State run In- 
stitutions In Guaterriala City, Guaterala, where they were supposedly 
rehnblll tatod from rnalnutrltion. In fact, eight of the infants were 
suffering, from .second or third degree malnutrition whereas the remain- 
ing infants were better nourished, suffering from first degree mal- 
nutrition. 

Those grades of malnutrition are based on the weight for age norms 
established by Gomez (1936) from a sample in Mexico City. VJelght Is 
considered to be the key anthropouietrl c measure, particularly at 
younger ages, as weight loss is one of tiie first signs of malnutrition. 
According to the OoncJi (1956) scale* first degree malnutrition refers 
to body welgiit between 767. to 907. of the established norm for the 
child's age. For sv^.cond and tliird degree malnutrition body wolglit is 
belov^* 76Z and 61% of the average weight for age, respectively, Table 1 
shows tlie m.eans for weight, height, head circumference, and age for 
tlicse tv;o groups of Infants, one of wiiich is relatively well nourished 
while the other is clearly malnourished. 

The infai^ts were seated In a sound attenuated chamber and pre- 
sented with forty trials of a pure tone stimulus. Tlio forty trials 
consisted of twenty trials of a 750 11?. tone followed by ton trials of 
a ^00 H2 tone and ten more trials of the 750 Hz tone . The tones were 
presented at 90 db for five seconds with a randomized inter-trial In- 
; terval. T!ie dependent variable was heart rate calculated as a change 
.score in cardiac activity from prestlmulus to stimulus onset periods. 

insert Table 1 about hero 
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Flf;ure 1 shovjs cho rr,eaa honn rato docelcratlon to the throe 
tone sequonccs for V xi veil at^l nalnourlshcd Infants. A t test re- 
vealed tiuit tlie r.can honrt rate docolcratlon to stlr.alu^i onset, or 
trial I, was larger in t!\G veil nourli^iiod than In the :iialnourisl\ed 
infants (t(lA) = 3.67> p < .01]. Likevrise, the v;ell nourished Infants 
showed lar[;er heart rate decelerations than the nalnourished Infants 
to the two dlsluibituatlon stlruli on trial 21, [t(lA) 1.76, p < .05], 
and on trial 31, (t{14) = 1.77, p < ,05]. 

'~T'"- — — — '-'"*•—•"-*•"-*-* — — — •"—— — — '-••" — — 
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Insert Figure 1 about here 

Furthern;ore > whereas the well nourished infants sliov/ed clear 
recognition of th.e chanp,es in tonal frequency, the malnourished in-- 
fants appeared not to. V.'ithln ^^roup t tests between each dishabituation 
trial and the imr:ediately procedinr, trial revealed that for the woll 
nourislicd infants the ncan heart rate deceleration v;as larmier on 
trial 21 than on trial 20, [t (1 7) ^-^ 2,1^3, p < .05], and was larger 
on trial 31 than on trial 30, It(7) >' 2.18, p < .05]. For tiie irial- 
nourishcd infants, sl:nilar coni]>arisons were not si^'.nif leant . Fiaally, 
irean differences in prcstimulus t^eart rate between the two groups 
were not significant sug.'^est ing that these results v;erc not an arti- 
fact of baseline differences in autonomic activity* 

These prelinlnary findings suggested that the ej^per Imcntal tech- 
nique of habituation was sensitive to the early effects of nutritional 
dnsult. Specif icallyr the orienting response appeared to be dlfnlnlshed 
in infants suffering from ^nalnutritlon , However , bectiuso of the possible 
confounding effects of institutionaliJ^aticn and the srrall sanple si?;e, 
a nore comprehensive study was planned. 

The subjects for tlie train study were forty, nale, one-year-old 
infants from the lov;cr socioeconomic class of Gtiatenala City. The 



infants vero full-tcri^,, full birth t;cjight, clinic<nlly norinal, and 
r>ufforoJ no r\Tjor illnr.s«:os <i:s of tlio of testing, Tiieir inothcrs 

reported no prapnancy or birth corapiications , nor were thoy sedated 
during tlu! birth ot the child. Half of the infants were suffcrlnj> 
from second or third dcprce nnlnvitrltion according to the Gorrez (1956) 
norms whereas the renaining tv;cnty infants had nn average or slightly 
below average woiglit for their age. The ago and an tliropometr ic charac- 
teristics of the sample are presented in Table 1, 

The experimental procedure was identical to that reported in 
the first study with the following exceptions. First, twenty rather 
than forty trials were presented* Second, the design was balanced 
for the order of stimulus presentation. Thus, twenty subjects were 
randomly asslgticd to one order which consisted of ten trials of a 750 
\\z tone follovjed by five trials of a AGO Hz tone and ^Ivo trials of the 
750 II/. tone. For tS^.e ot^ier half of the sample/ this order v;ns reversed. 
As an analysisS of variance revealed no effects due to the order of 
stimulus presentation, the order conditions were col lapsed result Ing 
in twenty subjects per nutrition cell . 

A third difference from tlie first experiment is that infants in 
ti)e present study were tested wlille seated In their mother's laps, 
Tlic m.otiiers v;erc prevented fromi hearing the tones by listening to pre- 
recorded music through a set of head phones. Finally, all infants 
were tested while In an awake and alert state. 

The results from this study are presented in Figure 2 which shows 
the moan heart rate deceleration to the three tone sequence for the 
well and malnourished Infants, Note the order conditions aro coaiblned 
in the figure. For the well nourished infants analysis of variance 

Insert Figure 2 about here 
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ahowcd a response dccrerront in heart rate docolcratlon to each tone 
saquenoe, F(9,153) = 8.78, p < ,005 for tono A; F(4,68) - 12.55, 
p < .005 for tone B; and r(4,6A) 6.25, p < .005 for the second 
scciucncc of toni^ A. In other words, each tone produced a largo initial 
orienting response followed by rapid habituation. The analysis for 
the malnourished infants, on the other hand, revealed no significant 
trials effect for any of the tcno sequences. The minimal hnart rate 
decelerations for those ii^fants remained constant throughout the en- 
tire experlir.ental sossion. 

Slntltirly, whereas the well nourislicd Infants evidenced siubstantial 
Increments in heart rate decelerations to tiie two dishabltuation 
stimuli, the malnourished Infants did not react to the changes in tonal 
frequency. Analysis of variance for tlio well nourished group lihowed 
that the magnitude of heart rate deceleration was Inrger on trial 11 
than on trial 10, f(1,18) = 27.88, p < ,005, and was larger on trial 
16 than on trial 15, F(l,16) = 32.38, p < .005. For tho Oialnourlshed. gr 
the dishabltuation stimuli did not result in increases in the magni- 
tude of heart rate decelerations. 

Finally, analysis of variance were performed between the two 
groups for each tone sequence. As might be expected, the analysis for 
each tone sequence revealed a significant nutrir.lon by trials inter- 
action, F(9, 324) 5. 61»p< .005 for tone A; F(4,132) « 5.56, p < .005 
for tone B; and F(4,132) ^ 4.78, p < .005 for the second sequence of 
tone A. This Interaction was due to the large he.irt rate deceleration 
to the first trial of each tone sequence in the well nourished group. • 
In fact, between group differences were no longer significant when 
the first trial of each tone sequence was eliminated from the analysis 
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Once again, tlicre vero no proup dlffcrencos In prestlmulus heart 
rate. Fur thorraorc , v/nllo It n^lght bo suspoctcd that th.c mnlnourishCid 
infants reacted to the tones as a fear producing stimulus, tliis sus- 
picion did not gain err.pirlcal support; there were no differances In 
heart rate accelerations to any of the tone sequences between tlic 
well and mainour lsl\od infants. 

Tlic results from this stvidy reveal a clear nutritional effect 
on the infant's ability to respond to and process impinging novel 
stimulation. Infants suffering from malnutrition were found to evi- 
dence an attenuation or complete absence of the orienting response 
xv^hen presented witli repeated trials of a novel stimulus as well as 
qualitative changes in that stimulus. These results support the 
clinical observations of Birch (1970) and others that stimulus recep- 
tivity is affected by nutritional insult and further suggest that 
this lack of receptivity is dun to the absence or attenuation of the 
orienting response. 

Recent studies by Zelncr and Seidell (1971) and Ingram and Fitz- 
gerald (1972) iiave reported a relation between m.3gnitude of the orien- 
ting response and rate of acquisition of a conditional discrimination. 
If magnitude of the orienting response does, indeed, predict condition- 
ability then absence or attenuation of the orienting response may be 
indicative of a learning deficit* This suggests that the kinds of 
deficits observed in the present study, if they persist into child-- 
hood, can account , at least partially , for the of ten reported poor per-^ 
formanco of malnourished children on str3ndard psychological tests (Birch 
and Gussow, 1970)* . 
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Obviously, vlicthor or not th«?so offects ara reversible c^innot 
bo dotorniiiieJ frorj tho prosont study. Resoarrh with animals has 
shova that a. ' autri tion can load to .structural damape to the central 
nervous system. Dobblnc; (1970) has proposed that in any species, 
brain devcloppaent may bo most vulnerable to damage If malnutrition 
occurs during the period of rapid brain growth. In tern^s of such an 
hypothesis, the luiman brain would be tnost sensitive to nutritional 
insult from the last trlii^cstor of pregnancy through the first few 
years of life. Studies with humans have, in fact, shov;n that tho 
effect of nutritlonr.1 insult on intellectual functioning: is nost 
f;cvcre when malnutrition Is suffered early in life. 

Thus, the timing of tl;c onset of ir.alnutrition may bo a deter- 
minant of tho reversibility of the effects of malnutrition. This im- 
plies that for developing countries, such as Guatemala, nutritional 
rehabilitation programs should pay particular attention to the period 
of infancy , especially where early weaning on protein deficient diets 
often leads to malnutrition within th.e first year of life. 
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Table 1 
Doscriptlvc Data 

Pilot Study 



Groups Age V/eight Height Head Circumference 

_^ .(jnos^'.l .J l]is ^) (cms J (cms . ) 



Well nourished X=13.75 X=*17.A0 X«71.85 X«AA.57 

(N=8) SD= 7.81 SI)« 3.28 SD- 5.81 SD= 2.07 



Malnourished X=13.25 X=^14.7] X-68,A2 X=43.1^* 

(N==8) SI)= 3.10 SD= 3.03 SD- 5.34 SD= l,/i6 
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Main Studv 



Groups Af.c Weight Heipjit Head Circumferenco 

^ ..,^_J^1J?^_: ^ . ^ (^^.^ • ^^^JT-^-'-?^ 

V/ell nouriyhed X-12.38 X=:20.76 X«72.19 X-45.48 

(N«20) SD- 1.30 SD== .1.92 SD= 2.87 SD^^ 1.34 



Malnourished X=^12.28 X==15,44 X«67,77 X«43.87 

(N=^20) SD- 1.34 SI)« 1,42 SD=2.89 SD:*1.35 
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